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Abstract
Modelling the Feeding Behavior of Grey Heron (Ardea cinerea) in a Coastal Wetland of NW Iberian Peninsula 
during the Wintering Season.— For a better understanding of the foraging behavior of Grey Heron in an intertidal 
area we developed predictive models of number of attempts/10' using Poisson regression. The models were 
obtained considering the following four variables: age of bird, tidal hours, bi–monthly period, and substrate type, 
obtaining a total of 15 models. The most parsimonious model obtained using the Akaike Information Criteria 
included tidal hour, age of bird and substrate type as predictive variables. The mean number of attempts/10' 
was highest in the four hours around low tide and in water and muddy substrates, while foraging activity was 
scarcely recorded in sandy substrates. No differences of effectiveness were found between adult and juvenile 
birds. Grey Heron showed preference for very small and small prey, increasing handling time with prey length. 
Key words: Ardea cinerea, Feeding behavior, GLMM, Tidal cycle, Substrate type, Age of birds.
Resumen
Modelado del comportamiento trófico de la garza real (Ardea cinerea) en un humedal costero del NO ibérico 
durante el periodo invernal.— Para mejorar el conocimiento de la estrategia de forrajeo de la garza real en 
una zona intermareal se obtuvieron modelos predictivos del número de intentos/10' empleando la regresión 
de Poisson. Los modelos candidatos resultaron de la consideración de cuatro variables: edad, hora mareal, 
periodo bimensual y tipo de sustrato. El modelo más parsimonioso obtenido de acuerdo con el Criterio de 
Información de Akaike incluyó la edad, la hora mareal y el tipo de sustrato como variables predictivas. El 
promedio de intentos/10' fue mayor en las cuatro horas más próximas a la bajamar, y en sustratos con agua 
o fango que en medios arenosos. No se encontraron diferencias significativas en la efectividad entre adultos 
y juveniles. La garza real mostró preferencia por presas pequeñas o muy pequeñas, aumentando el tiempo 
de manejo con el tamaño de la presa. 
Palabras clave: Ardea cinerea, Comportamiento trófico, GLMM, Ciclo mareal, Tipo de sustrato, Edad.
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Introduction
In recent years, the population of Grey Heron (Ardea 
cinerea L., 1758) in Spain has increased considerably 
both in number and in geographic range and it can 
now be found in several areas where it was previously 
scarce or absent (Prieta & Campos, 2003). This po-
pulation growth could be due to factors such as the 
protection of wetlands, the creation of new artificial 
wetlands (ponds and dam reservoirs) and fish farms, 
the introduction of exotic fishes or eutrophication of 
water bodies (Prieta & Campos, 2003).
Grey Heron feeding behavior has been studied in 
several habitats, mainly during the breeding season 
(Owen, 1995; Campos & Lekuona, 1997; Lekuona, 
1999). According to Cramps & Simons (1977) Grey 
Heron feed by day in some places, especially in the 
morning and evening, while in other areas they feed 
mainly around dusk and at night. Besides differen-
ces concerning feeding hours, the foraging behavior 
of herons is also affected by factors such as: tidal 
cycles (Dimalexis & Pyrovetsi, 1997; Lekuona, 1999; 
Matsunaga, 2000), age of birds (Lekuona, 2002a), 
substrate type and habitat characteristics (Hampl et 
al., 2005; Papakostas et al., 2005; Gwiazda & Ami-
rowicz, 2006). In a tidal flat the availability of foraging 
sites varies according to tidal cycles. Previous studies 
have demonstrated that the daily cycle of high and 
low tides affected the foraging strategies of herons 
(Lekuona, 1999; Matsunaga, 2000). Few studies, 
however, have examined the effect of tidal cycles on 
feeding behavior in relation to substrate type and age 
of birds, especially in the wintering season. Regarding 
the age of birds, various authors have suggested that 
juveniles are less successful at feeding and spend 
longer feeding than adults (Carss, 1993; Lekuona, 
2002a, 2002b; Papakostas et al., 2005). However, 
it is not clear whether there are differences between 
juvenile and adult birds regarding the effectiveness 
of foraging. Moreover, feeding behavior in herons 
changes during the breeding season because of 
the energy requirements of chicks during this period 
(Campos & Lekuona, 1997; Lekuona, 1999). Studies 
on the feeding ecology during the winter period, 
however, are scant.
In this study we examined the effect of tidal cycle, 
age of birds and substrate type on foraging activity. 
We compared the effectiveness of adult and juvenile 
birds and analyzed this as another possible factor 
affecting foraging activity. We also investigated asso-
ciations between foraging activity rates, prey size and 
success so as to improve knowledge of Grey Heron 
behavior in an intertidal area in the wintering period.
Material and methods
The study was carried out in O Bao inlet, situated in 
the Umia–O Grove intertidal complex of 2.561 hecta-
res of extension, located in the northwestern Iberian 
peninsula (42º 28' N, 8º 51' W) (fig. 1). This wetland 
is characterized by its great ornithological relevance, 
being one of the most important wintering and mi-
grating sites of water birds in northwestern Spain. It 
has been declared a Site of Community Importance 
(SCI), Special Protection Area (SPA) and Wetland of 
International Importance (RAMSAR site).
The area consists of a bay that is separated from 
the open sea by a large sandy beach–dune system. 
It has extensive muddy intertidal flats covered by 
Zostera sp., with small areas of bulrushes and sand-
banks, influenced by tidal dynamics.
During our study, 193 Grey Herons wintered in 
the area, in a mixed–species colony, together with 
Little Egret (Egretta garzeta), Spoonbill (Platalea 
leucorodia) and Great Cormorant (Phalacrocorax 
carbo) (Xunta de Galicia, unpublished data). Data 
were collected from six observation sites located at 
strategic locations in the inner part of the bay (fig. 1). 
Surveys were carried out from November 2005 to 
February 2006, coinciding with the wintering period 
of Grey Heron. Two telescopes were used (20–60x 
and 20–70x) for observations and 13 field visits were 
carried out: seven in November–December and six 
in January–February. The surveys were planned 
according to tidal cycles, so that only days allowing 
surveys from three hours before to three hours after 
diurnal low tide were selected.
To avoid pseudoreplication of data, simultaneous 
surveys were carried out in two other sites of the 
wetland, during a period of observation not exceed-
ing two hours.
Birds were chosen arbitrarily and followed for 10' 
according to the methodology proposed by Altmann 
(1974) and Martin & Bateson (1986). During the 
monitoring we recorded the following variables: (I) 
age of birds, considering two categories: adults and 
juveniles (birds were categorized on their plumage 
characteristics according to Cramp & Simmons, 1997); 
(II) tidal hour; (III) substrate type: sand, mud, water 
to tibia–tarsus and water to tarsus–metatarsus; (IV) 
bi–monthly period, considering two periods: Novem-
ber–December and January–February; and (V) day: 
survey date.
To measure the foraging effort of each bird we 
recorded feeding attempts and their results (success-
ful and unsuccessful). Foraging times were recorded 
for each prey, using a chronometer. Prey size was 
calculated in relation to the size of Grey Heron´s 
beak: 12 cm (Cramp & Simmons, 1997). In this way, 
four classes of prey size were established: very small 
(< 6 cm), small (6–12 cm), medium (12–18 cm) and 
large (> 18 cm).
During the survey four further behavioral variables 
were recorded: interspecific and intraspecific pres-
ence, number of kleptoparasitic attempts made by 
Grey Heron and number of attempts made by other 
species. In addition, four meteorological variables 
were measured: isolation, rainfall, temperature and 
wind. The number of kleptoparasitic attempts recorded 
was very low and was therefore not considered 
in the final model. Meteorological variables were 
also categorized. Most of the values recorded were 
concentrated in one or two categories of the initially 
defined list so none of these variables were finally 
taken into account in the analysis. 
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Based on field data, a new variable was calculated: 
Effectiveness (Ef). This variable was calculated from 
the ratio between number of successful attempts (Pr) 
and total attempts (successful and unsuccessful) (At). 
Calculated effectiveness values ranged between 0 
(minimum effectiveness) and 1 (maximum effectiveness).
Ef = Pr / At
This concept explains the capacity of each bird to 
capture prey, whereas the term 'trophic efficiency' is 
used on continuation to refer to the capacity of each 
bird to obtain a biomass intake.
 Generalized Linear Mixed Models (GLMMs) were 
derived to model the foraging effort of birds, estimated 
by number of attempts/10'. As the response varia-
ble (feeding attempts/10') is count data, we used a 
Poisson model with a log link. The mean number of 
attempt/10' within different groups of variables was 
less than 5, so Laplace approximation was used. This 
analysis was conducted using a PROC GLIMMIX in 
SAS (Bolker et al., 2009; Dean & Nielsen, 2007).
The candidate models were obtained by using 
four variables (age of birds, tidal hour, bi–monthly 
period and substrate type) as fixed effects and the 
variable 'day' as random effect, obtaining a total of 
15 candidate models. For each model i, the values 
of AIC (Akaike information criteria) and ∆i were ob-
tained, where 
∆i = AICi – AICminimum model 
Fig. 1. Study area, located in the north–west Iberian peninsula. 
Fig. 1. Área de estudio, localizada en el noroeste de la península ibérica.
The Akaike weight for each model was calculated 
as Wi:
                 exp (–1/2 ∆i)
Wi =                            (Anderson et al., 2000)               exp (–1/2 ∆r)
The sum of all weights equals the unit, and the value 
of each Wi indicates that model i is the best overall 
model (Anderson et al., 2000). This model is chosen 
from 15 well–defined candidate models using Akaike 
Information Criteria (Anderson et al., 2000; Seoane & 
Bustamante, 2001). The importance of each variable 
was obtained by adding the Akaike weights to the 
model in which that variable was present (Burnham 
& Anderson, 1998). The addition of the weights of 
each variable was considered consequential when 
3Wi > 0.5 (Taylor & Knight, 2003). 
To compare the foraging effectiveness of adults and 
juveniles, and to test the differences in foraging efforts 
in four types of substrate, we used non–parametric 
statistics (Mann–Whitney test & Kruskal–Wallis test 
respectively) after verifying the assumptions of norma-
lity and homogeneity of variance. We also analysed 
the foraging effort during 6 tidal hours (Kruskal–Wallis 
test). One way ANOVA was used to test differences 
in the handling time of four classes of prey size since 
data were adjusted to a normal distribution. The post 
hoc comparison was done using a Student–Newman–
Keuls test (Quinn & Keough, 2002).
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All data were analyzed using SAS System v.9.1.3.
Results
A total of 319 birds were studied, 124 juveniles and 
195 adults. No statistically significant differences were 
found between juveniles and adult regarding foraging 
effectiveness (Z = –1.642; N = 132; P > 0.05). 
Foraging effort was highest in the four hours around 
low tide for juveniles (x2 = 43.219; d.f = 5; P < 0.05) and 
in the 2 hours around low tide for adults (x2 = 36.074; 
d.f = 5; P < 0.05) (fig. 2).
The highest foraging effort was recorded in water 
with birds wading up to the level of the tarsus–meta-
tarsus or tibia–tarsus (x2 = 69.091; d.f. = 3; P < 0.05). 
This was followed by foraging in muddy substrate, 
whereas foraging activity was scarcely recorded in 
sandy substrate (fig. 3). Of the total consumed prey, 
69.2% were smaller than 6 cm; of these, 56.6% were 
consumed by younger birds and 43.3% by adults. 
Prey larger than 18 cm accounted for only 6.8% of the 
total, all of which were exclusively consumed by adults 
(fig. 4). All prey larger than 18 cm were eels (Anguilla 
anguilla). Handling time increased significantly with 
prey length (F3,132 = 89.49; P < 0.001) (fig. 5). A post 
hoc comparison (Student–Newman–Keuls) showed 
that the average handling time differed significantly 
between the four classes of prey size, except for 
between small and medium prey. 
Regarding the effects of the fixed factors (age of 
birds, tidal hour, bi–monthly period and substrate type) 
on the foraging effort, once all these factors were inclu-
ded in the model, three of them were found to have a 
significant effect: age of birds (3Wage  = 0.97), tidal hour 
(3Wtidal hour = 1) and substrate type (3Wsubstrate type = 1). 
However, there was no evidence of any effect of 
bi–monthly period (3Wbi–monthly period = 0.26) because 
this variable could not be considered consequential, 
since its 3Wi was below 0.5. The final model cho-
sen, that which included age of birds, tidal hour and 
substrate type as predictive variables (table 1), was 
the only one of the 15 models initially analyzed that 
was considered competent (∆i < 2). 
Discussion
Previous studies have emphasized the role of tidal 
cycle, age of birds and substrate type as decisive 
factors in feeding behavior in several heron species 
(Matsunaga, 2000; Lekuona, 2002a; Hampl et al., 
2005; Papakostas et al., 2005; Gwiazda & Amirowicz, 
2006). In the present study, these factors were all 
Fig. 2. Average number of attempts/10 min of adult and juvenile birds for each tidal hour during the 
wintering season 2005–2006.
Fig. 2. Promedio de intentos/10 min de adultos y juveniles por hora mareal durante el periodo invernal 
2005–2006.
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Fig. 4. Total prey captured by adult and juvenile birds for each prey size in O Bao inlet during the wintering 
season 2005–2006. 
Fig. 4. Presas totales capturadas por adultos y juveniles de garza real según el tamaño de cada presa 
durante el periodo invernal 2005–2006 en la ensenada de O Bao.
Fig. 3. Average number of attempts/10' of Grey Heron for each substrate type.
Fig. 3. Promedio de intentos/10' de la garza real para cada tipo de sustrato.
found to have a significant effect on the foraging effort 
of Grey Heron. Our results confirm that these variables 
are critical factors and should be taken into account for 
a better understanding of the feeding behavior of Grey 
Heron in an intertidal area. More specifically, they help 
us to understand which environmental factors most 
directly affect their feeding strategy and how herons 
respond to these factors in terms of trophic effort. To 
analyze the effect of these factors in the study area, 
we discuss each one separately. 
Several authors have studied the effect of water 
level and tidal cycle on the foraging activity of wading 
birds (Voslamber, 1996; Dimalexis & Pyrovetsi, 1997; 
Matsunaga, 2000). Lekuona (1999) demonstrated 
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that most waders feed in the two hours before and 
the two hours after low tide, and our results support 
this finding. 
Regarding the age of birds, various authors have 
suggested that juveniles are less successful at feed-
ing and spend more time feeding than adults (Carss, 
1993; Lekuona, 2002a, 2002b; Papakostas et al., 
2005). Our findings concerning more time spent 
feeding coincide with these authors. We found that 
foraging effort was higher in the four hours around 
low tide for juveniles and in the two hours around low 
tide for adults, indicating that juveniles spend more 
time in foraging areas than adults. Moreover, the age 
of birds was a consequential variable in the model 
obtained to explain the foraging effort. However, and 
contrary to the expected results, we did not find any 
differences between juvenile and adult birds regard-
ing the effectiveness of foraging. The differences in 
trophic effort between adults and juveniles was not 
due to greater effectiveness in the adults but to the 
fact that the adults had the ability to capture more 
energetically profitable prey, making them more ef-
ficient but not more effective. 
Herons may adopt different tactics and may achieve 
variable foraging efficiencies in response to particular 
habitat conditions and prey characteristics (Dimalexis 
et al., 1997; Wong et al., 2000; Gwiazda & Amirowicz, 
2006). Carss & Elston (2003) found that Grey Herons 
show preference for particular substrate types, and 
may even select areas dominated by specific algae 
species. Our results support this finding that substrate 
type is a decisive factor in the foraging strategy. In 
our study, the foraging effort was highest in water 
substrate. It was lower in muddy substrate and scarce 
in sandy substrate.
Grey Heron usually capture fishes of 10–25 cm long, 
although fish up to 40 cm (Del Hoyo et al., 1992) and 
eels up to 60 cm may be also taken (Owen, 1995; 
Cramp & Simmons, 1977). According to other published 
works, size can play an important role in the choice of 
prey and herons generally show preference for larger 
prey (Britton & Moser, 1982; Feunteun & Marion, 1994). 
Gwiazda & Amirowicz (2006) concluded that larger 
prey were more profitable for Grey Heron to forage. 
However, our data show that small (6–12 cm) and very 
small (< 6 cm) prey were the preferred sizes selected 
by Grey Heron in the studied wetland. This could be 
because this prey size was the most abundant or the 
most profitable in the study area in terms of biomass 
per time unit, an aspect previously suggested in other 
studies (Lekuona, 1999; Campos & Lekuona, 2000). 
Campos & Lekuona (2000) suggested two possible 
hypotheses to explain why adults captured larger 
prey during the breeding season if smaller prey were 
really more profitable: I) larger prey would provide the 
energy need to compensate for the energetic cost of 
frequent trips to and from the breeding colonies and 
the feeding areas. This hypothesis can be ruled out 
in our case because the data were recorded in the 
non–breeding season; II) when small prey are scarce 
the herons may be forced to capture larger prey for 
their own food. However, small prey were the most 
abundant in our study area. Taking this into account 
we suggest that: I) older birds have greater trophic 
efficiency –but not effectiveness– due to their greater 
ability to capture large and slippery prey, like eels. This 
could explain why all large prey were only consumed 
by adults; II) adults spend less time than juvenile birds 
do in foraging areas because the largest prey provide 
the quantity of biomass they require.
Handling time of prey increased with prey length. 
Comparing values obtained for Purple Heron in the 
Ebro River valley (Campos & Lekuona, 2000) and 
our data, we can conclude that, for similar prey size, 
Table 1. Models obtained for the foraging effort showing Akaike information criteria values. 
Tabla 1. Modelos obtenidos para el esfuerzo de forrajeo mostrando los valores del criterio de información 
de Akaike.
Model AIC ∆i Wi
Age + tidal hour + substrate type 762.51 0 0.721
Fig. 5. Average (± SE) of Grey Heron handling 
time in seconds (s) for each prey size.
Fig. 5. Valor medio (± EE) del tiempo de manejo 
en segundos (s) de las presas para cada clase 
de tamaño.
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Grey Heron spend more handling time than Purple 
Heron. This can be related to the type of available 
prey or size differences between these two species of 
herons. In both species, results show that the trophic 
effort per time unit depends directly on the prey type 
and size, determining a specific feeding strategy. The 
feeding strategy for large and more difficult to manage 
prey is more time–consuming and occurs in the two 
hours around low tide. In contrast, for smaller prey, 
which require less handling time, activity continues 
for a further two hours. 
Previous studies have also shown that feeding 
behavior in herons changes during the breeding 
season (Campos & Lekuona, 1997; Lekuona, 1999). 
However, in the present study, the bimonthly period 
did not affect the trophic activity of the birds. This 
allowed us to conclude that their foraging effort does 
not vary during the wintering season and remains 
constant throughout this period. 
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